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Abstract 

Background: Hand, foot, and mouth disease (HFMD) is an infectious disease typically caused by enterovirus 71 
(EV71) and Coxsackievirus A16. The incidence of HFMD appears to be increasing across the Asia Pacific region, with 
deaths occurring predonninantly annong children. Therefore, most HFMD reports focus on children and few have 
studied HFMD in adults. However, more adult HFMD cases may be seen in the foreseeable future as a result of 
global warming, continued viral evolution, and an increase in traveling. Thus, this study investigated the clinical and 
epidemiological characteristics of adult HFMD. 

Methods: Case data of 49 adult HFMD patients who attended The First Affiliated Hospital of Jiaxing College, China 
from May 2008 to November 2013 were obtained. Socio-demographic data were collected through follow-up 
phone calls. Throat swab specimens were tested for enterovirus by quantitative reverse transcription-polymerase 
chain reaction and further confirmed by virus isolation assay. For 10 patients infected with EV71, the gene encoding 
the EV71 VPl protein was sequenced and analyzed. Data from 8,354 child HFMD patients and 49 adult patients in the 
fever clinic of The First Affiliated Hospital of Jiaxing College during the same period were collected for comparison. 

Results: This study revealed that close contact with HFMD patients and poor personal hygiene consciousness were risk 
factors for adult HFMD. This study also found that EV71 subgenotype C4a was the most common pathogen associated 
with adult HFMD in this area. Furthermore, this study demonstrated several unique epidemiological characteristics of 
adult HFMD compared to child HFMD, such as the geographic and gender distribution of adult HFMD patients and 
HFMD seasonality. 

Conclusions: The findings in this study showed the potential threat of adult HFMD. 
Keywords: HFMD, Adult, Enterovirus, EV71, CA16, Genotype 



Background 

Hand, foot, and mouth disease (HFMD) is an acute in- 
fectious disease occurring mainly in children, and is 
characterized by fever and herpetic lesions on the hands, 
feet, or oral mucosa. Infants and children under 5 years 
of age are generally susceptible to HFMD, but the dis- 
ease is rare in adults. 

HFMD is caused by human enteroviruses, members of 
the Picornavirus family, which are transmitted through 
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the fecal-oral route or via respiratory droplets [1,2]. En- 
terovirus 71 (EV71) and Coxsackievirus A16 (CA16) are 
the two major causative agents of HFMD. EV71 is a 
neurotropic virus that can cause severe neurological and 
cardiovascular complications in infected patients and 
can have a high fatality rate, which makes it a notable 
member of the enteroviruses [3,4]. CA16 is the other 
common pathogen that causes HFMD, and may be asso- 
ciated with myocarditis, pericarditis, and other severe 
diseases [5]. 

Adult HFMD is uncommon, and to date only one 
adult death has been reported [6]. However, a rising inci- 
dence of adult HFMD might be expected in the foresee- 
able future as the result of climate change, continued 
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viral evolution, and an increase in global travel There- 
fore, the purpose of this study was to investigate the 
clinical and epidemiological features of adult HFMD. 

Methods 

Patients and throat swab specimens 

HFMD case data were obtained from The First Affiliated 
Hospital of Jiaxing College, which is the largest hospital 
in Northern Zhejiang Province, China. Sociodemo- 
graphic data of adult HFMD patients were collected 
through follow-up phone calls. All individual-level data 
were anonymized. This study was approved by the 
Ethical Committee of Jiaxing College. Written informed 
consent for publication was obtained from each patient 
who provided clinical specimens or images. 

A total of 49 adult (defined as 18 years old or older) 
HFMD cases from May 2008 to November 2013 were 
identified. Data of 49 adult patients who attended the 
fever clinic of The First Affiliated Hospital of Jiaxing 
College (but without HFMD) and 8,354 child HFMD pa- 
tients during the same period were collected for 
comparison. 

Throat swab specimens from 32 adult HFMD patients 
and 300 child HFMD patients from May 2008 to November 
2013 were collected by trained medical personnel. Samples 
were preserved at -80°C. 

Clinical criteria 

Clinical criteria for the diagnosis of HFMD cases were 
published by the Chinese Ministry of Health in 2008 [7]. 
Patients with the following symptoms were defined as 
having HFMD: fever, papules and herpetic lesions on the 
hands, feet, or oral mucosa; rashes on the buttocks or 
knees, inflammatory flushing around the rashes, and 
blisters with little fluid. 

Quantitative reverse transcription-polymerase chain 
reaction (RT-PCR) 

All throat swab samples were tested using a fluorescence 
quantitative RT-PCR assay for EV71, CA16, and pan- 
enteroviruses. Viral RNA was extracted from samples 
using the QIAmpH Viral RNA Kit (Qiagen, Hilden, 
Germany) according to the manufacturers protocol. 
Complementary DNA was generated from the extracted 
RNA by reverse transcription with oligo (dT) primers 
(Life Technologies, Carlsbad, California, USA) and pre- 
served at -20°C. Thermocycling conditions included an 
initial step of 2 min at 94°C, followed by 40 cycles of de- 
naturing at 94°C for 30s, annealing at 60°C for 45 s, and 
elongation at 72°C for 1 min [8]. The primer pairs and 
probes used for amplification are listed in Table 1. 

To confirm the RT-PCR results, some of the samples 
(six samples that were EV71 positive and one sample 
that was CA16 positive) were further cultured in human 



Table 1 Primer sequences 



Gene 


Primer/Probe 


Sequence 


Enterovirus 


Forward 


5'-GTGTCGTAACGGGTAACTCTGCA-3' 




Reverse 


5'-CAATOTCACCATAAGCAGCCA-3' 




Probe 


5'-TAGAACCTACTAC™CTGTGTCCT-3' 


tV/ 1 


Forward 


c;' rr AT A Arrr Arrrrc — vac — r 




Reverse 


5'-AAACACGGACACCCAAAGTAGTC-3' 




Probe 


5'-AACTCTGCAGCGGAAC-3' 


CVA16 


Forward 


5'-ATCTGTATCGATCTGGG^GC-3' 




Reverse 


5'-AGTAAAGCGCOTGGTGGAA-3' 




Probe 


5 '- ACGTO AGTGTA ACGC A A-3 ' 


EV71-VP1 


Forward 


5'-GGTGCGCCCAACACAGOT-3' 




Reverse 


5'-CCGCCGCAATCACCAGG^-3' 



rhabdomyosarcoma cells (RD cells, ATCC HTB-139) 
and examined for the presence of infectious viruses. 

Sequence and phylogenetic analysis 

Samples that were positive for EV71 were selected for 
genotyping. The gene encoding the VPl protein was ob- 
tained by RT-PCR, and the primer pair for the EV71 
VPl gene is listed in Table 1. Amplification was per- 
formed in 35 cycles consisting of denaturing at 94°C for 
1 min, annealing at 54°C for 30s, and elongating at 68°C 
for 2 min. PCR products were purified using the TaKaRa 
Agarose Gel DNA Purification Kit (TaKaRa, Dalian, 
China) and sequenced using an ABI Prism 3730 DNA 
Analyzer (Applied Biosystems, Carlsbad, California, USA). 

Sequence alignment of the strains was performed with 
ClustalW analysis in Mega 5.2.2 (Molecular Evolutionary 
Genetics Analysis software, Tamura K, Peterson D, 
Peterson N, Stecher G, Nei M, and Kumar S 2011). A 
phylogenetic tree was constructed using the neighbor 
joining method with the Kimura two-parameter model 
of nucleotide substitution, and bootstrap analyses were 
performed on 1,000 replicates. 

Statistical analysis 

Data were analyzed using the Chi-square test or Fisher s 
exact test, and p < 0.05 was considered significant. 
Single-factor analysis and logistic regression analysis 
(likelihood ratio test) were used to explore risk factors 
for adult HFMD. All statistical analyses were performed 
using the statistical package R for OSX 2.15.2 (R Foun- 
dation for Statistical Computing, Vienna, Austria). 

Results 

General information of adult HFMD patients 

During the period of this study, 49 patients met the cri- 
teria for adult HFMD. Epidemiological and clinical fea- 
tures are summarized in Table 2. The median age of 
patients was 27.5 years, 59.2% were female, 71.4% had 
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Table 2 Risk factors for adult HFMD (single-factor analysis) 



Epidemiological characters 



Adult HFMD patients Adult fever clinic patients 



P value OR (95% CI) 



Gender 

Male 

Female 
Residence 

Urban 

Rural 
Occupation 

Medical staff 

Civil servant 

Teacher 

Student 

Farmer 

Labor worker 

House-hold 
Education 

High school or below 

College 
Family size 

>4 persons 

<4 persons 
per capita living space 

<10 square meter/person 

>10 square meter/person 
Having separate toilet at home 

Yes 

No 

Having children under 5-years-old 
Yes 
No 

Having children diagnosed as HFMD 

Yes 

No 
Keep pets 

Cat 

Dog 

Others 

No 

Play mobile games 
Yes 
No 

Sharing mobile with others 
Yes 
No 



20 
29 

33 
16 

5 
6 
8 
2 

6 
14 



31 
18 

16 
33 

11 
38 

45 
4 

35 
14 

19 
30 

1 

5 
1 

42 

37 
12 

14 
35 



23 
26 

30 
19 

4 
5 
5 
7 

10 
13 
5 

28 
21 

5 

44 

4 
45 

47 
2 



41 
1 

48 

2 
11 
1 

35 

40 
9 

3 

46 



0.37 



0.40 



0.38 



7.33 



0.71 



30.21 



20.35 



0.55 



8.61 



0.54 



0.53 



0.51 



0.54 



<0.01 



0.05 



0.40 



<0.01 



<0.01 



0.29 



4.27 (1.42-12.83) 



3.26 (0.96 ~ 1 1 .07) 



12.81 (4.81 -34.10) 



30.4 (3.87 ~ 238.99) 



0.46 



<0.01 6.13 (1.63-23.01) 
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Table 2 Risk factors for adult HFMD (single-factor analysis) (Continued) 



Play mobile more than 1 hour per day 1.34 0.25 

Yes 10 15 

No 39 34 



children under 5 years of age, and 38.8% had recently had 
children diagnosed with HFMD. A total of 32.7% were liv- 
ing with more than four people in the home, and 22.4% 
had a living space less than 10 square meters per person. 

Clinical characterization and laboratory diagnosis of adult 
HFMD cases 

All 49 patients presented with herpetic lesions on the 
hands, feet, or oral mucosa, 16 (32.7%) had fever, and 
none had severe complications. No severe cases were 
found in this study, and the prognosis of adult HFMD 
was generally good. Four (8.2%) patients had a white 
blood cell count higher than 10,000/ (iL, and none had 
X-ray-confirmed pneumonia. 

Throat swab specimens from 32 adult HFMD patients 
and 300 child HFMD patients were examined for human 
enteroviruses by quantitative RT-PCR assays. Of the 32 



specimens collected from adult HFMD patients, 10 
(31.3%) were positive for EV71, four (12.5%) were posi- 
tive for CA16, and two (6.3%) were positive for other en- 
teroviruses. Of the 300 child HFMD patients, 118 
(39.3%) were positive for EV71, 61 (20.3%) were positive 
for CA16, and 26 (8.7%) were positive for other enterovi- 
ruses. There was no significant difference in the con- 
stituent ratio of enterovirus between adult and child 
HFMD patients (p = 0.93). The results of RT-PCR were 
further confirmed by virus isolation assay on human 
rhabdomyosarcoma cells (RD cells). 

Two new sequences encoding the EV71 VPl were 
found in samples from adult HFMD patients; these were 
submitted to the GenBank nucleotide sequence database 
(accession numbers were KF358275 and KF358276). 
Phylogenetic analysis showed that these sequences 
belonged to EV71 subgenotype C4a (Figure 1). 



- Fuyang.Anhui.P.R.C/1 7.08/1 - 

- Fuyang.Anhui.P.R.C/1 7.08/03 

- EV71/CMU5291-1/BJ/CHN/2008 
- ♦ ! KF358276] 



H KF358275 



- SZ/HK08-5 

- 348-Toyama-2006 

- E2004104-TW 

- CQ03-1 
-SHH02-17 

- H25-CHN-00 
- SHZH98 

- KOR-EV71-3 

- KOR-EV71-01 

- 97-56-CHN-97 

- 6F-AUS-6-99 

- 6F-AUS-6-99 
-E2005125-TW 

- J115-MAL-01 

- J115-MAL-01 

- VIE94_AUT01 

- JP38/Sm/W/00 

- BrCr 

- EV71-B0-NL-1966 

- 2609-AUS-74 

- MS-7423-87 

- 2289-MAA-97 

- NHRI-067-TW 

- 2896-TAI-98 

- B4-E59-TW-02 



>C4a 



Figure 1 Phylogenetic analysis of EV71 viruses. Sequences from adult HFMD patients are highlighted by red rectangles. The newly identified 
EV71 sequences belong to subgenotype C4a. 
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A typical adult HFMD patient with herpetic lesions on 
the hands, feet, and oral mucosa is shown in Figure 2. 

Epidemiological features of adult HFMD 

To determine factors associated with adult HFMD, single- 
factor analysis (a = 0.1) was applied on epidemiological 
characteristics of adult HFMD patients, with non-HFMD 
adult patients in the fever clinic serving as controls. Family 
size >4 (odd ratio (OR): 4.27, 95% confidence interval (CI): 
1.42-12.83), per capita living space <10 square meters per 
person (OR: 3.26, 95% CI: 0.96-11.07), having children 
under 5 years of age (OR: 12.81, 95% CI: 4.81-34.10), hav- 
ing children diagnosed with HFMD (OR: 30.4, 95% CI: 
3.87-238.99), and sharing a mobile phone with others 
(OR: 6.13, 95% CI: 1.63-23.01) were risk factors of adult 
HFMD (Table 2). 

Results of single-factor analysis were further investi- 
gated by unconditional logistic regression analysis (likeli- 
hood ratio test). Logistic regression analysis showed that 
having children under 5 years of age (OR: 9.23, 95% CI: 
3.18-29.66), having children diagnosed with HFMD 
(OR: 15.33, 95% CI: 2.12-327.08), and sharing a mobile 
phone with others (OR: 5.87, 95% CI: 1.25-34.22) were 
risk factors of adult HFMD (Table 3). 

Demographic features of adult HFMD patients 

The geographical distribution and educational attain- 
ment of adult HFMD patients was investigated in this 
study. Of the 33 adult HFMD patients who lived in 
urban areas, 16 had graduated from college, whereas 
only two in 16 who lived in rural areas received a college 
education. Within the 49 non-HFMD adult patients in 
the fever clinic at the same period, 60% who lived in 
urban areas had graduated from college, while 15.8% of 
rural patients received a college education. There was no 
significant difference in the geographical distribution of 
educational attainment between adult HFMD patients and 
non-HFMD adult patients in the fever clinic (p = 0.95). 

This study found that 12 female adult HFMD patients 
were teachers or medical staff members, while only one 
male adult HFMD patient was a doctor. Of the 49 non- 



HFMD adult patients in the fever clinic at the same 
period, six female patients were teacher or medical staff 
members and three male patients engaged in the same 
occupations. The job distribution by gender was signifi- 
cantly different between adult HFMD patients and non- 
HFMD adult patients of the fever clinic (p < 0.01). 

Differences in epidemiological characteristics between 
adult and child HFMD patients 

By comparing the case data of 49 adult HFMD patients 
with those of 8,354 child HFMD patients, several distinct 
epidemiological patterns of adult HFMD emerged. The 
peak of HFMD incidence in children was from May to 
July (Figure 3A, Table 3), which might relate to the sur- 
vival ability of enteroviruses. In contrast, several peaks 
in adult HFMD incidence, in April, June, and December, 
were observed (Figure 3 A, Table 4). 

Of the 49 adult HFMD patients, 67.3% lived in urban 
areas, while only 3,032 (36.3%) child HFMD patients re- 
sided in urban areas (Figure 3B, Table 5). This difference 
in geographic distribution was significant (p < 0.01). 
Additionally, 29 (59.2%) adult HFMD patients were fe- 
male, whereas only 3,241 (38.8%) child HFMD patients 
were female (Figure 3C, Table 5), which was also signifi- 
cant (p < 0.01). 

Discussion 

Children and infants are generally susceptible to HFMD, 
but this disease is uncommon in adults [9,10]. It is spec- 
ulated that excessive stress, fatigue, and close contact 
with HFMD patients might contribute to this disease in 
adults, but the pathogenic mechanism of adult HFMD 
remains to be well elucidated. To the best of our know- 
ledge, this is the first study to focus on the clinical and 
epidemiological features of adult HFMD, and is sup- 
ported by considerable case data collected over 5 years. 

All adult HFMD patients in this study had herpetic le- 
sions on the hands, feet, or oral mucosa. However, not 
all of them had fever, and none had severe complica- 
tions. Few patients had white blood cell counts over 
10,000/ (iL, and none had X-ray-confirmed pneumonia. 




Yin et al. BMC Infectious Diseases 2014, 14:251 
http://www.bionnedcentral.conn/1471-2334/14/251 



Page 6 of 8 



Table 3 Risk factors for adult HFMD (logistic regression 
analysis) 



Epidemiological characters 


P 


p value 


OR (95% CI) 


Family size >4 persons 


0.47 


0.64 




Per capita living space < 10 square 
meter/person 


0.82 


0.41 




Having children under 5-years-old 


2.22 


<0.01 


9.23 (3.18-29.66) 


Having children diagnosed as 
HFMD 


2.73 


0.02 


15.33 (2.12-327.08) 


Sharing mobile with others 


1.77 


0.03 


5.87 (1.25 -34.22) 



In addition, no severe cases were found in this study, 
and the prognosis of adult HFMD was generally good. 
These findings suggest that adult HFMD is usually 
asymptomatic or mild, which is consistent with a prior 
seroepidemiologic study that about half of the adult 
population in northern Taiwan had antibodies against 
EV71 [11]. Thus, adult HFMD patients might ignore the 
infection and not visit the hospital, which makes them 
potential reservoirs for human-to-human transmission. 
Furthermore, physicians might confuse HFMD with viral 



herpes; a throat swab or anal swab for enterovirus cul- 
ture would help in making a definitive diagnosis of 
HFMD. 

This study revealed that EV71 was the most common 
pathogen of adult HFMD, with 10 (31.3%) in 32 speci- 
mens positive for EV71. The sequences reported in this 
study belonged to EV71 subgenotype C4a, which is re- 
ported to be the predominant strain in China [12]. The 
newly identified sequences suggest that EV71 is under- 
going continued evolutionary changes. Prior studies re- 
ported that EV71 might cause severe neurologic diseases 
or significant fatalities, and most severe HFMD cases are 
EV71 positive [13,14]. These findings remind us of the 
potential threats of EV71 infection among adults. 

We show that having children under 5 years of age and 
having children diagnosed as HFMD were risk factors for 
adult HFMD. A seroepidemiologic study in Taiwan report 
that a large proportion of children were EV71 subclinical 
carriers and served as a reservoir for EV71 spread [15]. It 
is noteworthy that the median age of adult HFMD pa- 
tients in this study was 27.5 years and none had under- 
lying disease; these factors could have contributed to there 



o o! 



o 

^ oo ■ 



Seasonal distribution of adult and child HFIVID patients 

Patient Type 
Child 
— e— Adult 




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 



B 



Geographic Distribution 



Gender Distribution 



Urban 



Rural 



Male 



Female 



Pearson residuals 

1.650 




Pearson residuals 
i-ri.3io 



'1.310 

p- value < 0.01 



Figure 3 HFIVID epidemiological characteristics of adults compared with those of children. (A) The peak of HFMD incidence in cliildren 
was from May to July, wliile there are peal<s in adult HFMD incidence in April, June, and December. (B) Children with HFMD were mainly located 
in rural areas, whereas most of the adult HFDM patients were from urban areas. (C) Boys were susceptible to HFMD, while most of the adult 
HFMD patients were women. 
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Table 4 Seasonal distribution of adult and child HFMD patients 





Month 


Jan 


Feb 


Mar 


Apr 


May 


Jun 


Jul 


Aug 


Sep 


Oct 


Nov 


Dec 




Number 


2 


2 


6 


10 


2 


9 


6 


1 


1 


2 


1 


7 


Adults n 


= 49 




























Month/Year (%) 


4.1 


4.1 


12.2 


20.4 


4.1 


18.4 


12.2 


2.0 


2.0 


4.1 


2.0 


14.3 




Number 


285 


176 


425 


880 


1180 


1823 


1255 


430 


551 


393 


451 


505 


Children n 


= 8354 




























Month/Year (%) 


3.4 


2.1 


5.1 


10.5 


14.1 


21.8 


15.0 


5.1 


6.6 


4.7 


5.4 


6.0 



being no severe complications in adult HFMD patients. 
Taken together, these findings indicate that close contact 
with HFMD patients or subclinical carriers can lead to a 
higher risk of exposure to enterovirus. 

This study indicated that sharing mobile devices was a 
risk factor for adult HFMD. Most of the adult HFMD 
patients played games or watched videos on mobile de- 
vices. Many of them shared mobile devices with friends 
or family members, and some played games or watched 
videos for more than 1 h per day. However, this study 
observed that none of the adult HFMD patients rou- 
tinely sterilized their mobile devices. Mobile devices can 
be potential reservoirs of viruses [16], which was con- 
sistent with the observation in this study that adult pa- 
tients did not routinely sterilize their mobile devices. 

Our study showed that the time distribution of adult 
HFMD incidence was different from that of child HFMD 
patients. Prior studies have indicated that meteorological 
variables such as temperature, humidity, and rainfall are 
significantly associated with HFMD infection among 
children [17]. Enteroviruses are reported to survive lon- 
gest at 20°C and 80% as the humidity [18,19]. May to 
July is the rainy season in northern Zhejiang with an 
average temperature at 20°C, which can explain the peak 
in child HFMD incidence. However, several peaks in 
adult HFMD incidence were observed in this study, in- 
cluding April, June, and December. Because of the lim- 
ited number of cases, the decline in the curve in May 
and the peak in December in adult HFMD incidence 
cannot be fully explained in this current study. 

This study also found a difference in gender distribu- 
tion between adult and child HFMD patients, which 
might be related to the fact that women typically have 
more frequent contact with children than men in the 
home and at work. In this study, 71.4% of the adult 
HFMD patients had children under 5 years of age, and 
38.8% had children diagnosed with HFMD recently. Be- 
cause family childcare is typically provided by women, 
the risk of exposure to enteroviruses is likely higher for 



women than for men. Additionally, women's jobs in- 
crease the chance for close contact with children. In this 
study, 41.4% of the female adult HFMD patients were 
teachers or medical staff members, which have more op- 
portunities for close contact with children than other oc- 
cupations. However, only 5% of male adult HFMD 
patients were teachers or medical staff members. 

Conclusion 

Close contact with HFMD patients and poor personal 
hygiene consciousness were risk factors for adult HFMD. 
Additionally, this study revealed that EV71 genotype 
C4a was the most common pathogen associated with 
adult HFMD in northern Zhejiang. A serum epidemio- 
logical investigation in Taiwan reported that about half 
the adult population in northern Taiwan had antibodies 
against EV71, which implied that EV71 is a highly conta- 
gious virus with a high level of transmission [11]. Given 
that adult HFMD is typically asymptomatic or mild, it was 
speculated that a large number of adults might be subclin- 
ical carriers of HFMD and act as potential enterovirus reser- 
voirs. A seroepidemiologic study in Shanghai documented 
that the seroprevalence of neutralizing antibodies against 
EV71 among children was low (only 19.9% were sero- 
positive), which suggested children are generally sus- 
ceptible to EV71 [20]. Because adults have more social 
activities than children, it is imperative to prevent the 
spread of EV71 from adults to children. Moreover, with 
increasing global travel we should be mindful of the 
threats of viral transmission by adult HFMD patients 
with mild symptoms or subclinical disease. 

All patients in this study were immunocompetent, and 
the study did not include HFMD cases who were immu- 
nodeficient, such as patients receiving cancer chemo- 
therapy, recipients of an organ transplant, and HIV 
patients. Therefore, further studies are required to 
examine the prognosis of HFMD among immunodefi- 
cient patients. 



Table 5 Geographic and gender distribution of HFMD patients: adults vs. children 

Gender Geographic 

Characteristics 

Male Female x p-value Urban Rural x p-value 



Adults (n = 49) 20 29 33 16 

8.52 0.004 20.27 6.71 e-06 

Children (n = 8354) 5113 3241 3032 5322 



Yin et al. BMC Infectious Diseases 2014, 14:251 
http://www.bionnedcentral.conn/1471-2334/14/251 



Page 8 of 8 



Abbreviations 

OR: Odds ratio; CI: Confidence interval; HFMD: Hand, foot, and mouth 
disease; EV71: Enterovirus 71; CA16: Coxsackievirus A16. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

YLH and YXG participated in the design, data analysis, and interpretation, 
and drafted the manuscript. YHX and SJ participated in the design and 
helped to finalize the manuscript. WXJ and WXJ collected the case data and 
helped to finalize the manuscript. All authors have read and approved the 
contents of the final manuscript. 

Aclcnowledgement 

We thank the Center for Disease Control and Prevention of Jiaxing, Zhejiang 
Province, for providing data on hand, foot, and mouth disease cases. 
This research was funded by grants from the Zhejiang Health Bureau for the 
Specially Supported Discipline of Gastroentrology (GJJX-01 0-002). 

Author details 

^Centre for Gastroenterology and Hepatology, The First Affiliated Hospital of 
Jiaxing College, Jiaxing 314001, Zhejiang Province, People's Republic of 
China. ^Intensive Care Unit, The Second Affiliated Hospital of Zhejiang 
University, Hangzhou 31009, Zhejiang Province, People's Republic of China. 
^Intensive Care Unit, The First Affiliated Hospital of Jiaxing College, Jiaxing 
314001, Zhejiang Province, People's Republic China. ^Department of 
Infectious Diseases, Centre for Gastroenterology and Hepatology, The First 
Affiliated Hospital of Jiaxing College, 1882 Central-South Road, Jiaxing 
314001, Zhejiang Province, People's Republic China. 

Received: 5 February 2014 Accepted: 6 May 2014 
Published: 10 May 2014 



13. Zhang J, Sun J, Chang Z, Zhang W, Wang Z, Feng Z: Characterization of 
hand, foot, and mouth disease in China between 2008 and 2009, Biomed 
Environ So 201 1, 24(3):21 4-221. 

14. Ryu WS, Kang B, Hong J, Hwang S, Kim A, Kim J, Cheon DS: Enterovirus 71 
infection with central nervous system involvement. South Korea. Ennerg 
Infect Dis 2010, 16(1 1):1 764-1 766. 

15. Chang LY, King CC, Hsu KH, Ning HC, Tsao KC, Li CC, Huang YC, Shih SR, 
Chiou ST, Chen PY, Chang HJ, Lin TY: Risk factors of enterovirus 71 
infection and associated hand, foot, and mouth disease/herpangina in 
children during an epidemic in Taiwan. Pediatrics 2002, 109:e88. 

16. Brady RR, Verran J, Damani NN, Gibb AP: Review of mobile communication 
devices as potential reservoirs of nosocomial pathogens, J Hosp infect 
2009,71:295-300. 

1 7. Huang Y, Deng T Yu S, Gu J, Huang C, Xiao G, Hao Y: Effect of 
meteorological variables on the incidence of hand, foot, and mouth 
disease in children: a time-series analysis in Guangzhou, China, BMC 
infect Disim, 13:134. 

18. Yun C, Lufang J, Yan S, Qianii W: Survey on the enterovirus 71 survival 
ability on different surfaces under different climate. Chin J infect Dis 2012, 
30(7):398-400. 

19. Chen KT, Chang HL, Wang ST, Cheng YT, Yang JY: Epidemiologic features 
of hand-foot-mouth disease and Herpangina caused by enterovirus 71 
in Taiwan, 1998-2005, Pediatrics 2007, 120(2):e244-e252. 

20. Zeng M, El Khatib NF, Tu S, Ren P, Xu S, Zhu Q, Mo X, Pu D, Wang X, 
Altmeyer R: Seroepidemiology of enterovirus 71 infection prior to the 
201 1 season in children in Shanghai, J din Virol 2012, 53(4):285-289. 



doi:1 0,1 1 86/1 471 -2334-1 4-251 

Cite this article as: Yin et al.: Clinical and epidemiological characteristics 
of adult hand, foot, and mouth disease in northern Zhejiang, China, 
May 2008 - November 2013, BMC Infectious Diseases 2014 14251. 



References 



10. 



12. 



Wong SS, Yip CC, Lau SK, Yuen KY: Human enterovirus 71 and hand, foot 
and mouth disease, Epidemiol Infect 2010, 138(8):1 071 -1089. 
McMinn PC: An overview of the evolution of enterovirus 71 and its 
clinical and public health significance, FEM5 Microbiol Rev 2002, 
26(1):91-107. 

Yi L, Lu J, Kung HF, He ML: The virology and developments toward 
control of human enterovirus 71, Crit Rev Microbiol 201 1, 37(4):31 3-327. 
Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn P, Ooi MH: 
Virology, epidemiology, pathogenesis, and control of enterovirus 71, 

Lancet Infect Dis 2010, 10(1 1):778-790. 

Wang CY, Li Lu F, Wu MH, Lee CY, Huang LM: Fatal coxsackievirus A16 

infection, Pediatr Infect Dis J 2004, 23(3):275-276. 

Legay F: Fatal coxsackievirus A-16 pneumonitis in adult, Emerg Infect Dis 

2007, 13(7):1 084-1 086. 

Ministry of Health of the People's Republic of China: IHand Foot and Mouth 
Disease Control and Prevention Guide. 2008. in Chinese. 
Reid SM, Ferris NP, Hutchings GH, Zhang Z, Belsham GJ, Alexandersen S: 
Detection of all seven serotypes of foot-and-mouth disease virus by 
real-time, fluorogenic reverse transcription polymerase chain reaction 
assay, J Virol Methods 2002, 105(l):67-80. 

Chang LY, Tsao KC, Hsia SH, Shih SR, Huang CG, Chan WK, Hsu KH, Fang TY, 
Huang YC, Lin TY: Transmission and clinical features of enterovirus 71 
infections in household contacts in Taiwan, JAMA 2004, 291 (2):222-227. 
Wang Y, Feng Z, Yang Y, Self S, Gao Y, Longini IM, Wakefield J, Zhang J, 
Wang L, Chen X, Yao L, Stanaway JD, Wang Z, Yang W: Hand, foot, and 
mouth disease in China: patterns of spread and transmissibility. 
Epidemiology 201 1, 22(6):781-792. 

Ho M, Chen ER, Hsu KH, Twu SJ, Chen KT, Tsai SF, Wang JR, Shih SR: An 
epidemic of enterovirus 71 infection in Taiwan, N Engl J Med 1999, 
341:929-935. 

Mao LX, Wu B, Bao WX, Han FA, Xu L, Ge QJ, Yang J, Yuan ZH, Miao CH, 
Huang XX, Zhang C, Xu H: Epidemiology of hand, foot, and mouth 
disease and genotype characterization of Enterovirus 71 in Jiangsu, 
China, J Clin Virol 2010, 49:100-104. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



(3 BioMed Central 



